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ord«r  to  botttr  ooatrol  tho  rosttlta  of  th«  •aporlaonto  ooaduotod 
downrango^it  is  nooeasary  to  fiad»  for  a  partioular  firlngy  tha  optiaum 
location  of  tha  ahip  and  aircraft.  ItiB  tBt  pm'puaa  of  thta  neta  te 
gi«a  a  aathod  for  datamination  of  thaaa  optiaum  obsanring  positional 
togathar  with  a  knowladga  of  tha  raaga  souarad  to  tha  targat  whan  it  ia 
at  an  altituda  of  intarast#1  Fr^  tha  information  givan  ona  nay  also 
detamina  tha  target  staradianoa  required  in  order  that  an  inatruaant  of 
known  aansitivity  oould  dataot  it. 

THEORYi 

The  primary  aasuapti<ni  made  in  the  following  is  a  straight  line 
trajectory.  Thareforoi  the  impact  point  is  the  so  called  "Taotum  ia^paot.” 
For  oorreotions  to  real  splash  point  or  "atmospherio  imipaot"  see 
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From  Figure  1  -  notice  that 

(k,  i 


b  *■ 


R’ 


(i) 


■=■  {X 


i 

(0 

s* 

c^) 

CO 

Ip’* 

V 

- 

3  0 

CL 


( \  +  ‘A*’  +  x' 


/ 


H 
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Another  look  at  Figure  1  indioataa  Inaediataly  that  the  value  of  y 
for  nlnlaami  in  any  oaae  ia  0.  This  indioataa  that  one  would  like 
to  observe  from  a  position  as  close  to  the  plsm  of  the  trajectory  as 
is  oonaensurate  with  safety  and  equipment  liaitation.  The  position  up 
range  at  which  one  should  observe  is  indicated  by  equation  (9).  It  will 
be  noted  that  this  position  does  not  correspond  to  a  location  directly 
under  the  target  at  the  altitude  of  Interest  A  which  wotild  be  siaply 

A  / 

y~  but  is  farther  up  range.  In  fact  it  represents  the 

position  for  which  the  line  of  sight  to  the  target  is  perpendicular  to 
the  trajectory.  This  position  was  chosen,  in  spite  of  the  fact  that  the 
range  is  larger,  because  this  position  favors  observations  of  the  target 
at  most  altitudes  greater  than  the  altitude  of  interest.  The  advantages 
and  disadvantages  of  this  oboioe  of  location  are  illustrated  in  Fig.  2. 
From  that  figure  it  is  apparent  that  for  typical  re»«itry  angles 
the  percentage  increase  in  range  suffered  is  small,  and  also  that  the 
altitude  above  which  the  range  to  the  target  is  smaller  from  ths  up  range 


position  is  only  sllj^tly  Isr^sr  than  ths  altltuds  of  intsrsst.  Thus 
for  all  hij^xsr  altitudes  it  is  prsfsrable  to  be  in  the  location 
described  in  equation  (9)*  It  is  Inportant  to  favor  hi^er  altitudes 
bsoause  of  the,reduoed  radianoe  at  these  altitudes*  Tor  convenience 
equation  (9)  has  been  put  in  nosogram  fora  in  Noa.  1*  The  units  which 
are  aost  convenient  for  this  particular  application  are  indicated  on 
the  noaograa. 

Equation  (9)  gives  the  up  range  position  at  which  the  observer  should 
locate  hiaself,  but  the  question  arises  vdiat  indeed  will  be  the  range 
squared  when  the  target  is  at  altitude  A.  In  order  to  find  that  value 
of  substitute  (9)  into  (?)  and  get 


Which  reduces  to 


-  A  C  ^  ^  ^ 


60 


For  convenience  this  equation  has  been  noaograaed  and  is  found  on 
Mon.  2* 

Because  equation  (ll)  only  gives  a  value  for  at  the  particular 
altitude  of  Interest  A,  for  which  position  was  optiaized,  the  question  of 
how  auob  this  range  squared  changes  with  the  altitude  of  the  nissilei  a* 
for  the  position  of  the  observer  already  found  arises.  This  could  be 
found  by  plotting  curves  of  equation  (7),  e.g.,  R  vs  a,  but  it  would  require 
a  set  of  curves  for  each  location.  If  one  is  willing  to  settle  for  knowing 


what  the  ohanga  la  altltuda  of  tho  target  will  d«  if  tha  range  aquarad  is 
doubled  thaa  let  froa  aquation  (7)  be  equal  to  RR^ain  ffom  aquation  (ll) 
and  ooapara  a  to  k» 

whloh  is  quadratic  in  a.  VAian  solved  for  a  (12)  givag 

Aa  =  ±-  A*"  f  7j?4-£>4  (13) 

this  aquation  gives  tha  variation  in  altitude  ^  a  for  a  variation  in 
range  squared  equal  to  2.  It  is  fortunate  that  this  result  oan  be 
further  generalised  aa  follows*  If  we  now  label  variations  in  altitude 
for  a  factor  of  n  ohange  in  a  new  symbol  an  then  one  oan  write 

ACJ.,  (/if) 

Or  more  praotioally 

Atx,-- 

A  A/o  »  3  A^  U  ^) 

For  oonvanlenoe  equation  (15)  has  been  noaogrsaed  and  is  found  in  Rom.  5* 

y§B  9f 

1.  Applioation  to  Shipi 

The  optimum  position  of  the  ship  oan  be  found  using  Monogram  1* 

The  information  needed  to  find  this  position  is  the  ezpeoted  re-entry 
angle  in  degrees  and  the  "altitude  of  interest”  in  Kft.  Plaoe  a  straight 
edge  oonneoting  Oe  and  A  and  read  directly  X,  the  up  range  position^  in 
nautioal  miles.  For  example  if  6e  «  20*^  and  A  -  200  Kft.  then  X  *  105  MM 
up  range.  Let  us  suppose  that  I,  the  perpendioular  distanoe  from  the 
plein  of  the  trajeotoryi  is  20  WI. 

To  find  the  R^g  in  om^  now  nomogram  #2  oan  be  used.  Using  the 
same  Oe  and  A  as  before  oonneot  with  a  straight  edge  20°  and  200  Kft 
and  read  the  li  soale.  Transfer  the  reading  on  Ij^  to  the  same  reading 


on  I2  and  oonnaot  that  with  the  Y  whioh  has  prariously  been  chosen  in 
the  exaaple.  Head  is  oa^  which  in  this  case  is  seen  to  be  3*1  x 
10^5  g(,2, 

Noaograa  #3  is  used  to  find  ^  a  in  Kft.  Again  A  and  Y  oust 
be  given.  Let  us  continue  the  same  example  viz  be  ■  20°,  A  >  200  Kft 
and  Y  >  20  Mi'l.  First  with  a  straight  edge  connect  Seand  Y  and  read  the 
value  on  li  which  in  this  case  is  =  3*4  x  10^^  .  Place  this  value  on  1^ 

and  connect  it  with  20^  on  te  and  read^  a  which  is  in  this  case  -  /  63  Kft. 
Therefore*  if  the  range  squared  is  allowed  to  change  by  a  factor  of  2 
from  the  missile  will  be  at  altitudes  200  Kft  /  83  Kft  or 

between  283  Kft  and  113  Kft. 

2.  AppUcation  to.  Alrcrafti 

With  oOnor  modification  these  3  nomograms  calculated  for  ship 
position  optimization  can  be  used  for  location  of  an  aircraft.  The 
modifications  are  as  follows 1 

a.  If  the  altitude  of  interest  for  measurement  is 
really  A'  and  the  aJtitude  of  the  aircraft  is  H  then  to  use  the  nomogram 
first  take  A  to  be  A  '  (A*-H}  and  use  A  on  all  three  nomograas  as  ons 
would  for  the  ship. 

b.  In  addition  the  answer  one  gets  for  X  in  lorn.  1 
must  be  altered.  To  do  this  first  use  the  small  nomogram  on  the  ri^t 
in  Hem.  1  to  find  d  by  oonneoting  0^  and  B  by  a  straight  edge.  For 
example  if  eS  s  23°  and  H  -  20  Kft  then  0  is  ^  7  M.  How  take  X*  ■  X  /  a 
and  this  is  the  up  range  position  of  the  Aircraft  X'. 


1.  Correotion  to  kimo»xih»xi.c 

Th«  noaograffla  dtsorlbed  abovt  are  oaloulated  on  the  aseiaiption 
of  etrai^t  line  trajeotory  and  therefore  the  up  range  dletanoe  given  it 
dlatanoe  fron  the  ao  called  'hraouua  Inpaot."  Beoauset  prior  to  a  shot, 
one  ie  ueually  given  **atiBoapherio  iapaot”  and  not  "vaouua  iiipaot''  the 
answer  one  gete  fron  Hon.  1  auet  be  ellghtlor  altered.  In  order  to  do 
this  one  aust  know  the  expected  re-entry  angle  and  the  balllstlo 
ooeffloient  of  the  target.  Knowing  these  one  can  find  the  distance 
between  the  “vaouua  iapact”  point  and  the  "ataoepherlo  iapaot"  point 
froB  Figure  3*  example  for  a  20°  re-entry  body  of  balllstlo 
ooeffloient  of  100  that  dlatance  is  19*3  S(.  Therefore^  the  answer  for 
X  found  in  the  exaiQ)le  in  Pee  of  Moaograa  whloh  was  103  PM  is  really 
too  high  by  19*3  HM.  Therefore»  the  up  range  dletanoe  in  this  example 
from  "atmospheric  Iapaot"  should  be  83*3  IK*  P*  B.  for  very  high  ballistic 
ooefficients  this  oorreotion  is  rather  saallt  although  probably  not 
negligible. 

2.  Datari^i|ii^tion  Of  Threshold  Steradianoet 

Finding  Bangs  squared  is  not  wholey  aoaideaio.  let  the 
steradiance  of  the  target  in  the  wavelength  region  of  interest  be 
in  watts/steradian.  Let  the  sensitivity  of  an  instrument  in  this 
region  be  S  in  watte/om^  (ll£FD)«  Then  if  the  target  is  H  centimeters 
away,  the  minimum  steradiance  that  the  target  oan  have  and  still  be 
"seen"  by  the  instrument  is  J  =  SB^. 

If  one  then  finds  from  Hem.  2  and  knows  the  NKPP  of  his 
instrument  he  oan  find  how  intense  the  radiation  from  the  target  aust 
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b«  in  order  to  "sm  it",  for  oxanple  the  found  in  the  exanple 

^  7t  ^91918*11  S*!  X  10^^  oa^.  Let  ue  eeeune  that  there  ie 

an  inatruaent  in  the  lead  eulfide  region  with  HSPD  s  lo"^*  w/oa* 

J  “  5»1  *  10^5  X  10  ■  51  watte/eter  i.e*  this  inetruaent  will  "eee" 

a  target  at  200  Kft  altitude  if  it  hae  a  ateradianoe  of  51  watte/eter 
or  aore* 

furthemore  if  R*  ohangee  by  a  faotor  of  2  eo  doea  J»  and 
ainoe  A  x  wm  found  to  be  /  65  Xft»  the  inatruaent  will  "aee"  the 
target  at  an  altitude  of  285  Kft  if  it  haa  a  ateradianoe  of  102  watte/ater 
at  that  altitude,  further,  beoauee  aj  •  2  Aa2  the  inatruaent  will 
eee  a  target  of  255  watte/eter  (whloh  ia  5  tinee  J  for  R*,)  at  an  altitude 
of  570  Kft. 

lOTBt  Theae  valuea  of  -J  are  only  the  ateradianoe  ia  the  wawelength 
intenral  of  the  inatruaent,  not  the  total  power  aaitted  in  all  wawelenatha. 
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Altitude  of  tho  target 

Xft. 

A 

Altitude  of  the  target  for 
whioh  poaition  is  to  be 
optiaiied*  "Altitude  of 
interest"  on  a  particular 
■hot. 

Kft. 

A* 

Change  in  edtitude  for 
a  5db  change  in  R‘. 

Xft. 
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Dprange  position  fToa 
▼aouuB  iapaot. 
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VaouuB  Iapaot 

Kft. 
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Cross  range  poeition. 
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Cross  range  position 

Kft. 

Bangs  to  target  irtien 
target  is  at  a  ■  A. 
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Re-entry  Angle. 
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